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SAND AND GRAVEL nieeniiall - PART VI:MINING METHODS 
BY de Re Thoenen2/ 
INTRODUCTION 


This circular is part 6 of the third paver (entitled "Excavation") of a 
series summarizing the technical vroblems involved in the production and prep- 
aration of sand and gravel. Part 1 discussed the use of power shovels, drag 
lines, and excavator cranes; part 2, power scrapers, slackline cableway ex- 
cavators, and hydraulic monitors; part 3, hydraulic, clamshell, ladder, and 
dipper dredges; part 4, haulage equivnent, particularly imaugtrial cars with 
locomotive or hoist as the motive nower; part 5, conveyor belt, motor truck, 
mumo and vipe line, towboat and barges, and aerial-tram newleses This circu- 
lar discusses the application of these various tyves of equipment to the dif~ 
ferent ty»ves of sand and gravel deposits end contains a refersnce bibliography. 
It completes the discussion of excavating problems. 


SELECTIUN OF A MINING METHOD 


Tvo major factors govern the selection of a method to be used in mining 
a sand and gravel depnosit ~ tyne of deposit and type of equipment used. The 
character of the denosit may limit the choice of equipment to a certain tyne 
of excavator and an equally restricted choice of haulege equinment. For exam 
ple, a devosit covering a lace bed may limit excavation to a hydraulic dredge 
served by floating targes. COrdinarily, however, any deposit may be worked by 
different methods involving various types of excavating and haulage units. 
The nrover anplication of these units to the denosit involves a careful techni~ 
cel and economic study of all local conditions and the exverience and vreference 
of ths overator. Two overators who hove had exverience with different types of 
equivment may opnerste the same t:-me of denosit successfully by entirely dif- 
ferent mining m2thods. Therefore no exact rule can be laid down definitely 
linking one type of devosit with any voarticular method. Ina general discus 
sion such as this, Fithout imowledge of limiting local fectors, the best plan 
is to show what methods are anolicable to the several tynes of devosits and 
noint out their advantages and disadventages, leaving the final selection to 
the operator. 
1/ The Bureau of liines will welcome “reprinting of this “Da Der, “provided the 
following footnote ac:nowledzment is used: "“Renrinted from U. Se Bureau 
of Mines Information Circular 6879." 
2/ Senior mining engineer, U. S. Bureau of Mines. 
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TYPSS OF DEPOSITS 


The author hes classified a (5) a). sand and gravel devosits by tynes as 
bank, pit, and marine, defined as follows: 


Bank. - A devosit in which the elevation of the excavation floor is 
level with or above the surrounding lane surfsce. 


Pit. - A deposit lying wholly below the lev:l of the surrounding land 
surface. | 


Marine. - A devosit fornins tne bed, bars, or small islonds betreen the 
oanks of a natural body of water. 


Pit derosits are subdiviced into cry nits, in which the excavation floor 
is above the level of nermenent ground water, aic wet nits, in which the ex- 
cavation floor is below the water level. 


Marine devosits are subdivided into river, lake, and oc3sn, denending 
non the tyne of the bocy of weter. 


CLASSIFICATIGN OF MINING METHODS 


There have been mumerous Ciscussions and much controversy over the vrop- 
er classification of mining methods in the technicel vress, in publications 
of engineering societies, and as taugnt at mining colleges. A study of the 
litereture reveals that both ciscussion and controversv have centered on under- 
Sround mining methods and that narticinants heve been content to ignore surface 
methods or to acceot without change some brief classification acvanced by 
others. The study further reveals that such classifications of surface mining 
as hewe been offered usually have included only those methods used in metal 
mining with virtuelly no reference to n2thods used in mining nonmetallic 
mineralse 


Before methods anonliceble to sand end grevel recover: are desigensted, 
surface minins methods will be defined and clessified. 


Since the terms "mining method" and "mininz system are often used synony— 
mously it is first necessary to cesienete definitely vwhat is meant by eache A 
study of the dictionary definitions shors "nethoe" to be more or less synony- 
mous with "system" aud vice versa, for examola: 


System: Funk and Wagnall's Standard Dictionary (1925). An orderly com 
bination or arrenzenent, as of particulars, oarts, or elements, into 
a whole. (Method is given as e synonvm but distinction is illustrated 
by the fact that we nav heve a "svstem" of taxetion but various 
"methods"! are used to collect the tax.) 


eee 2 ee ee ne mee «eee 


3] Numbers in parentheses refer to “biblicgraphy at end of this circular. 
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ALTERNATE Equipment 
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Figure 27.~Surface mining classification. 
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Webster's New International Dictionary (1935). An aggregation 
or assemblage of objects united by some form of regular interaction 
or interdenendence; a grovp of diverse units so combined by nature or 
art as to forn an integral whole and to function, overate, or move, in 
unison and often in obedience to some form of control; a definite, 
methodicel, or logical order or nlan. 3 


*fethod: Funk and Wagnall's Standard Dictionary (1925). A general or 
established way or order or doing enythinge 


Webster's New International Dictionary (1935). An orderly pro- 
cedure or process; regular way or senner of doing anything. Method 
is commonly a sneciel or definite way of nrocedure. 


In the absence of further research, "system" is the major term and may 
include verious "methods." Just as a country may heve a system of taxation 
but use various methods of collecting the tax, so each mine may have an or- 
derly "mining system which may embrace various "mining methods" that are 
more or less interdevendente : 


Surface mining is grouned in three major divisions = bank, pit, and 
subaqueous mining (fiz. 27). Bank and vit mininz parallel closely the 
author's classification of tyoes of sand and gravel devnosits but are annvlica- 
ble to the mining of any commodity. Subaqueous mining differs from the classi- 
fication of marine sand and gravel denosits in that it is restricted by defini- 
tion to the mininz of material lying wholly below the surface of a natural 
body of water. The divergence is made to clarify the method. 


All surface mining, regardless of the nature, is carried on by what is 
generelly known as the "bench" method,, otherwise called benching or bench 
working. Bench or benchinz is aefinedtt as "a level layer worked senarately 
in a mine" and bench working as "the system of working one or more seams or 
beds of mineral by oven rorxing or stripping, in stages or stepse" Other 
authors have accepted this designation without further division as avunlying 
to the major groun of surface metnods. There are, however, vsrious wavs of 
mining benches which not onlv require different types of loading machines but 
also different methods of intranlant haulage. As it is generally agreed that 
mining is "the working of any excayation for the develooment or extraction of 
the ore, rock, or coal: therefrom," it follows that the term includes not only 
the »vrimary loosening of the mineral by drilling and blasting but also the 
orocess of loading into haulase equipment and removal from tne excavation. 
Therefore any difference in loading or heulage methods constitutes a difference 
in the mining system. Recognizing the validity of this arzument, the author 
divides both bank and pit mining into two subdivisions based unon the relative 
vosition of the loading equinment with resnect to the bench being mined. Load- 
ing eauipment may be eitner on a level vith the foot of the bench or on top of 
the bench. For example, a power shovel or hydraulic monitor nines a bench from 
the bottom, whereas a drazline, excavator crane, nower scraver, or slackline ca- 
blewa; mines the bench from above or even at times from the top of the overburden. 


ee 


U/ Fay, Ae He, A Glossary of the Mining and (ineral Industry! Bull. 5, Bureau 
of Hines, 1920, 0. .74.. 
5/ Fay, Ae He, Work cited, ». Yh, 
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The author could find no distinctive names either in general or col- 
loquial use for these tio methods of workings a bench, and to avoid cumber- 
some descriptive rhraseolozy he sugsests "bottom benching" and "ton benching." 
Bottom benching is “sec to desicnate that rethod by which the bench is re- 
movea. from below, acs with e nower shovel. Ton benching is used to designate 
that method b:7 which the oench is removed from above, as with a dragline. 

The terms mey be exolied with equal validity, whether th2 bench is first 
broken down by drilling and blasting or wrether the excavator actually digs 
from the solid. 


Bank and pit mining are then subdivided into botton end ton benching. 


As a further subdivision of both the bottom end ton-bench methods the 
venches moy be worked dry or vith the aid of water. The water may be used 
directly, as in hydraulic mining, or it mcy rencer only indirect or p-ssive 
assistance as when a bench is only partly submerged. 


Bank or pit “ining by bottom benching may be divided further inte dry 
mining and hydraulic mining. Bank mining by too benchins, however, must be 
dry mining for obvious physicel reasonse 


Pit mining by tov benching may be either dry or wet mining, although the 
subdivision wet mining is not identical with hydraulic mining. In this method 
the water in a wet vit is oniy an indirect or vassive aid in mining an uncon- 
solidated bench. 


In pit mining trere is an intermediate stage bdetween bettom and ton 
benching in which the bench is mined from an elevation somewhere above the 
bottom of the bench but below the ton. This refers to dredging; the dredge 
floats on the surface of the water in the vit and mines from below that sur- 
face but also excavates the nit bank from above the surfnce of the water by 
caving. Strictly sveaking, dredging may te a modified form of either bottom 
or top benching, denending unon the relation of the water surface to the bot- 
tom or top of the bench. | 


Dry-bank mining by bottom benches is subc.ivided further into single and 
multiple benching and slory-hole minins. The first two terns are self- 
explanntorv; each may be divided further into benches with straight or curved 
faces, and.if curved, into either convex or concave, depending upon whether 
the face is worked fron the inside or outside of the curve. Gloryhole minin= 
is essentially a multinle concave bottom—bench method, but as this system uses 
a characteristic method of loading it warrants 2 snecial designation. 


Hydraulic mining is divided into ground~sluicinz, in which no pressure 
weter is used, and hydraulicking, in which the bench is mined by hydreulic 
giants vith water unaer pressures. Both of these classes may be divided fur- 
tier into benches with straight or curved faces. 


In bank mining by ton benching sinzle or multinle benches meyv be worked, 
and the faces.may be straight or curved. | 


Or 
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Pit mininc by bottom benching taxes norellel subdivisions as in bank 
mining by botton benchins, excent that material mined by the zlory~hole method 
must ba hoisted to the surface, wnereas in the bank slory hol]? it can be 
trammed without elevating. 


In vit dredging only sinzele benches ere worked, but tne feces may be 
straizht or curved. 


In dry-bit mining by ton benching eitner sinszle or sultinle benches may 
De worked, elthousgh the latter ere’ by no menns common. Faces may te straight 
cor curved, convex or czneave. In vet-nit mining: by tov benchine only single 
benches are vorked, bit they may be straizht or curved. 


Benk- and nit-mining methods heave ten Ciscussed together to show their 
parellelism and en»hasize certain differences. 


Subaqueous mining generally is tur tenchins bv dredzes, altnough in 
river beds other times of excavetors ar? often used. Subaqueous mining is 
classed as river, laze, end ocean mining, devanding upon the nature of the 
body of water in which the materiel lies. Subaquecus river beds mav be 
mined by tov benching from stationary or movable shore plants or by floating 
dredges. The stationary clent uses a single-bencn method in which the face 
is concave or fan-shaned; the movable vlant and dredze uses the single—bench 
method. out the faces may be straight or curved. Dredzinz mav te selective, 
using concave single benches, or nay follow a regular straignt- or curved-face 
method. 


Subaocueous mining in leke or oceen beds is sinsle-vench mininz but may 
be selective with cor:cave feces or systenatic with convex or concave faces. 


fizure ce shors this classification in chart form. 


APPLICATION OF MINING METHODS TO DEPOSITS 


A study of the clastifiecation chart shors that the minins of sand and 
crovel denosits of the seme tyvye is not restricted to a cingle nining method 
nor to a systen composed of identical msthods. Veriation may be small in 
sone instences (two systens “av be sisilrr in teneral but a. fer in contribs 
uting methods) but may result in greater yrooortionste efficiencies.-. The 
Droblem of selecting the prover method for a ziven denosit is further com- 
nlicated by the overburden coverinz moct tens and Olt denosits enc sone 
marine denosits (82). If the overburdea is thin enough to he neclizible it 
is removed in the process of mininz tre erevel (10, 18, 37, 57); if it is 
thiee enowrh to csuse trouble it is usually revoved seprrately. The strio- 
nias netnod may then ovarallel the mining method, using tha sane (22, 22, Su, 
£2) or different equinment (3, 33, WU, 55), or it may be entirely different 
from the mining method and reauire its orn set of eauinment (15, 25, 28, 
€2). On the otzer haud, if different methuds are necessery in striovoing and 
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mining, the same or duplicate equipment mpy sometimes be used for both (70). 
However, removal of overburden or strinving is surf:ce mining and is subject 
to the same classification of mining methods ¢s are sand and gravel. The 
factors that affect strinding and nining have been discussed in e general way 
in an earlier paver (5) and will not b2 ranented here, although they should 
be xept in mind during the followin; discussion. 


Bank Denosits 


In general, bani: devosits are mined dry, excent where hydraulic mining 
(35) is emploved. Haulage from ben: denosits is level or downgrade with one 
excention, which vill be discussed later in this paver. These two distinctive 
characteristics of banx devosits et once elininate consideration of dredges 
and water-borne transportation and nermit the desism of the haulage equi»ment 
for a minimum of power. 


Bottom Senching 


Bank devosits are ordinarily mined dry by bottom benching. The choice 
between single and multiple benches denends, first, unon the thickness of the 
deposit and, second, uvoon the tyne of excavator used. Single benches cut 
with power shovels usually do not exceed 50 feet in height (E7). For devosits 
of greater thickness multiole benches are recomnended for power-—snovel excava-— 
tion. Althouch shovels are sometimes used with high benches (35) precautions 
must be taken agninst dangerous cavins, entailing loss of life or vronperty 
damagee The vower shovel has no means of vrotection against caving from a 
high bank. A precautionary method often emolcyed is to mount a small hydrau- 
lic giant on or near the shovel (22), the water from which is directed against 
the upper nart of the bank to cut dorn the ton ahead of excavation by the 
shovel at the bottom. Another method involves the use of a stream of water 
oumped to the tov of the bank and allowed to trickle over the face and wash 
down the upper portion (35). In either case the water does no acturl excavating 
but is used as an indirect aid and vrotection to the snovel. These exnedients 
are successful if the gravel is not too co~nacted and vresents no great 
obstacle to disintegration by water or hand-ceving. If no water is available 
for this purpose men are often employed to bar or blast down hish banks. If 
the gravel is very compact a thick denosit should be cut into nultipnle benches © 
for power~shovel excevation. 


Single, high benches nernit the use of larger shovel units and reauire ..: 
less~frequent shovel movement, thereby incressins efficiencye On the other 
hend, multiple benches neccessitate the use of more —- usually smaller but more 
mobile —- units, veraitting more selective mining from the face; this is often 
of considerable advantage in providing a uniform feed to the washing plant. 


Banks exceeding 50 feet in height may be excaveted safely and successfully 
as single bottom benches by vower scraners (42, 60), even when the bank con- 
sists of heavily compacted gravel, if the tsil tower is placed on tow of the 
bank and the head tower at the base. In such a set-uv the ecraper effectually: 
breaks dotn the top of the bank and prevents dangerous csving. In fact, it 
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ectually emmloys caving to facilitate mining. The noresr scraner is not 
used for multiole-bench oparetions, vrincivally because it can excavate in 
a single bench such d*nosits »s vould reauire multivle benches with shovels. 


Hizn banks operated s single bottom benches often nermit excavation 
without vrevious stripvins, even though the overburden may be quite thick. 
By excavation fron below or over the whole vertical height of the banx the 
overburden is ceved or dragged down and mixed with the gravel. The higher 
the bank the less the contaminaticn. If the same bank vere worked by mul- 
tinle benches the overburden rould have to be stripned separately; other~ 
wise the top bench would include all of it, which might easily destroy the 
value of the grovel from that bench. For examnle, assume 2 bank of gravel 
200 feet thick covered with 25 feet of waste material, such as fine sand. 
end claye If the bani is worked as a single bottom bench the ratio of 
waste to gravel rould be 13:8 but if worked by the multinle—-bencn system 
without previous strioning the ratio of waste to gravel in the top bench 
would be 1:2, and the face would be 75 feet highe In this instence material 
from the too bancn might renuire a snecial reshing treatment. 


Where ben’: devosits must be strivved the overburden is usually renoved 
in a single bottom bench by @ novter shovel (17) or by hvcraulicking if water 
under pressure is av2ilsble. Sometimes, horever, the overburden is removed 
in a single ton bench by dragline (54, 63), vover scraver (42), or slackline 
cableway. Th: contour of ths surfrce over banz devosits usually vrovides 
dumoing syace for overburden in ravinese Cars and locomotives or motor 
trucks serve the shovel or drazline, but often the vocwer scraver or slack~ 
line cebleway.can dig and hreul to waste in one overntion. If no such vaste 
spece is availsbl2 excent by long haul the overator should weigh carefully 
the cost of sevarate strinoing rith multivle benches agninst a single bench 
writhout strinoing, even though his washing exnense may be increased by the 
latter combinat:on. 


Where the bottom—bdench method is emnloyed in a bank denosit the voower 
shovel cannot stri»v overburden and mine gravel from the same position, as 
is often possible by too benching with a dragline. 


Single or multinle bottom benches may be cut in bank devosits with the 
vower shovel in straight, consave, or convex faces with equal operating 
facility. The shane of the face, hovever, will affect the haulage method. 
Although cars 2nd locomotives or truciss can fo'low the shovel around curved 
faces field belt conveyors are limited to straight faces, except where 
snecially designed pendulum or fan conveyors are used (52). 


The vover scraver excavates a bank as a bottom bench, usually with a con- 
cave or cone-shaped face (32, 60). It can be made to cut a straight or even 
a convex face, however, if the inhaul torer is moved latérally with the tail 
tover, but these nethods are not common. ‘ 


For example, assume that th= devosit consists of a long but comvaratively 


narrow ridge, such as 2 terminel or lateral moraine. If the head anc tail 
towers are set uo at the ssre elevation on each flan: of the ridge with the 
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cables transverse to the long axis the bench may be advanced lensthwise of 
the ridge and carried its full width by movinz head and tail towers with the 
benche The machine tnus cuts a straight face. 


The power scraper may be set part wey wo the fece of 2 high bank denosit 
and work the unoer half as a bottom bench and tne lower half as a top bench, 
but this method, like the preceding exemple, is vermissible only with suitable 
locel conditions. Many other special arrangenents might be conceived for 
special conditionse 


Bank deposits may be worked with water by hhydranlicking (3, 35, 83, 85); 
water under pressure is used to undercut and cave the bank in a single bench 
and wesh the caved gravel to a sluice or punp sump for haulage to the washing 
plant. The bench may be worked'as a straizht or concave face, but convex 
faces are not used with this method. This systen of mining is duscussed in 
detail in Information Circular 6814 (7), part 2 of this series of papers: 
Ground=sluicing in which a natural stream of water is diverted and directed 
against the foot of a bank, although commonly usec in plecer mining, is not 
used in mining sand and gravel. 


Glory-hole methods (89), comnon to metal mining and quarrying (63), sel- 
com have been apvlied to sand and gravel denvcsits. However, where the bank 
denosit is excenvtionally thick without excess clay or boulders anvnlication 
of such 2a system is both vossible and ecconomical. The first step in installing 
it is to drive haulage adits or tunnels under the base of the devosit. As 
gravel is unconsolidated some forn of shield or forevoling is necessary in 
advancing the acit or tunnel; the tunnel would require adequate vrotection 
by timber on the sides, ton, and vossibly bottom to prevent ground swelling. 
At intervals along the tunnel, loading chutes should te constructed to com- 
plete the prevaration. The unconsolidated gravel flows by gravity into the 
chutes and is loaded directly into cars or onto conveyor belts without the 
aid of any power shovel or other loading device. 


The advantage of this system is elimination of loading equivment and 
substitution of gravity through caving for this purnose. 


The disadvantage is the necessity of constructing and maintaining tim 
bered tunnels and loading chutes. The cost of this construction, hovever, 
should be balanced against the cost of power shovels or other loading units. 

If the cost -of construction and maintenance 4g disregarded the net loading 
cost through chutes for unconsolidated free-running gravel is less than loadings 
by surface equipment. 


For economical overation, however, such a system requires an exceedingly 
thick devosit, probably not less than 200 feet. Such deposits of gravel are 
not commonly found as bank devosits. 


ewe me ee ee eee 


bottom bench has the advantage of concentrating all heulage onerations cg 

one overating level, whereas if multiple benches are used the haulage method 
must be designed to collect loaded equinment from each bench and deliver it to 
a main line over which it is lowered by prover gredes, often necessitating 
long, curvec. tracks or switch-backs (87). 
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With dry benches the vower shovel may be served by cars hauled by - 
locomotives (43, 75) or by motor trucks (17, 64). If the face of the bench 
is keot straight field belt conveyors may be used (35, 57) but they must be 
of svecial design with curved faces (48, 52). : | 


Where the power scrarer is installed with the tail tower on tov of a 
hish bank its head tower ordinarily is tuilt as a part of the washing plent 
and it therefore does its own hauling. This, however, is not necessary; the 
same scraper may discharge over a ramp or hopper to any tyne of haulage, 
including cars, trucks, conveyor belt (32, 60), or even an aerial tram (21). 


The power scraper or slackline cableway with both towers on the same 
level usually employs portable towers and loads some other unit of haulage a 
car, truck, or conveyor belt. | 


The multiple-bench svstem of mining oe heulege to either cars and 
locomotives or motor trucks 3 me 


For removal ‘of overburden cars and locomotives or trucks serve power 
shovels and draglines, bdut nower scraners or slackline cebleways used for 
strivping do their. own heulings | 


Heulege with Hydraulic Mining. - Where banks are mined by hydraulicking 
the giants wash the excavated gravel either to sluices (76, 84, 85), which 
carry it to the washing vlant, or to sumvs cut in the floor, from which 
dredge pumps pick it up and transnort it through pinelines to the plant (90). 


Hydraulic mining and transnortation have the edventage of disintegrating 
end weshing the gravel more or less thoroughly before it reaches the plant. 
This is of tee importance rhen the gravel devosit contains a large quantity 
of clay. Cn the other hand, water transportation throush sluice or pipeline 
is dirficult if tne denosit contains more than 10 vercent of voulders. Theee 
must be removed either at the face or at some other point between the face 
and entrance to the sluice or sump. Hydraulic giants are not adapted to 
moving large boulders; ususlly some other pousoments such as a crawler crane, 
is installed for this vurvose. 7 


Sluices are suitable for heulege only when the denosit is worked at 
an elevation above thet of the washings olant. Dredge pumns and pipelines, 
on the other hand, can transvort the material over level ground or even 
elevate it directly to the top of the vlant (66). 


Both hydraulic mining and hydraulic transnortation require large quan- 
tities of water, oreferably from a source above the gravel deposit. Water 
from a higher elevation, hovever, is seldom available for bank devosits and 
must therefore be numped; vumning adds to the expense, as discussed in part 
2 of this series (7). Si 


‘Ton Benching 


Pxcavation of ban« cenosits bv tov benching with single or multiple 
benches must, for nurely vhvsical reasons, be concucted without the aid of 
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water. Water could b2 cascaded over a benk, as is sometimes done in ground~ 
sluicing placer devosits,: but the level on which the gravel is recovered 
vould be below the bench and hence bv definition the system would be bottom 
benching. Neither can wet mining be emnloyed, as in pit dencsits, because 
the bank extends above the level of the surrounding land surface and there 
is nothing to retain water. Hence,- too benching cf bank devosits is always 
@ dry opere tion. | : 7 | 


--. Too benching as apolied to bank devosits must not be considered ordinary 
‘ practice; it’ is applicable only under snécial local. conditions, which make 
it icemerogous to pit mining by the same nethode 


One of the to principal advantages attributed to bank deposits is 
that the mined material is hauled cver level tracks or domgrade to the 
treatment plant. This is modified if the top—-bench method of mining is 
used, inasmuch as the bench is’ excavated from above and the excavator neces-~ 
sarily must elevate the gravel, although actuai haulege may still be level 
or downgrade to the plant. Elevation of the gravel to the ton of the bank 
usually requires more power than is uséd-in bottom benching. A nower shovel 
cuts and elevates each dipperlead, but the total lift is less than by top 
benching unless the bench height is less than the shovel lift. In tov benching 
each bucketlead must be lifted the full height of the bench. In spite of the 
increased power cost a combination of circumstances may make it adviseble 
to mine certain: ban devosits of send and gravel by tov tanching. 


This method probably is most apolicable where the dennsit covers a 
broad elevation or pleteau, such as a coastal plain or the high bank of a 
long extinct watercourse, and the treatment plant must be located on ton 

‘of the bank or plateau because of property lines or other reasons. Tov 
benching is a logicel solution of such a combination, and at once the analogy 
with topbenching a pit deposit becomes anvarent. 


- Bither single or nultinle benches may be worked in too~benching bank 
devosits, and bench faces may be straight or curved, convex or concave. As 


' the bench is excavated-from the tov the danger cf proverty damage from caving 


banks is reduced althouvzh not eliminated. If the excavating machine is 
moved too near the edé& of an unconsolidated bench there is always the pos— 
sibility that its weisht will cause the banic to give way and overturn the 
excavatore : 

Power shovels and hydraulic giants are unsuited for too benching be-~ 
cause they have no means of elevating material. This statement must be 
modified to include shovels with long boom and dipper stick loading cars 
on tep of the bench. Such operations are possible with low banks only and 
must te classed as special conditions. The equipnent most commonly used for 
ton benching includes the dragline, power scraper, and slackline cableway. 
Of these the dragline is the enly one that approaches the edge of the bank 
and hence is subject to denger from caving. The head towers of both the 
pswer scrarer and slackline cableway are set far enough back of the crest 
of the excavation to obviate any danger from this source. 
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Strivoing end mining over the seme area in a banc« dennsit by ton 
venching can be done from the same setting of the head towers of either 
tne power scraver or the slackline ceablewaye If both oneretions are ner~ 
formed by the same unit th2 overburden must de loaded into haulage equip- 
ment for disposal, but if sevarate units are used the strivoer usually can 
be located so that it can excevate and haul the overburden direct to the 
waste dump, which may be a ravine or an elevated waste pile. Where one 
unit does both stripoing and mining the tail towers must be set for each 
operation, hence both csnnot be carried on simulteneously. Using the same 
mining method but excavsting by dr-=‘jline a single unit can both strip and 
mine from the same position by alternating from one oneration to the othere 
Moreover the dragline can load overburden to haulege equinment or cast it 
to the excavated area behind the gravel banke Thus, this unit can cut two 
benches from the same position. This orncess carries stripning concurrently 
with mining and constitutes the most common avplication of the use of mul- 
tiple benches to top~benching' a bank deposit. The author is not aware of 
any operation in which two or more distinct benches cf grovel are mined by 
top benching, although no mechenical difficulty seems to be involved. For 
example, an extremely thick bank trobably could be mined in benches or 
steps by dragline, similar to the use of shovels on terraced benches. To 
a limited extent this method is employed in »it mining, as explained later. 


Bank mining by single top benches must be done after the overburden 
has been stripped, or the overburden must be mined with the gravel. If 
the overburden is removed first it may be done br bottom henching with a 
mower shovel or hydraulic giant; it may also be strivped by top benching 
by dragline, scraper, or slackline. After strioving, wither cf the three 
excavators may be used to remove a single tep bench. 


Reference to table 10, part 1, cf this series (6) shows that the maximum 
decth below grade that e dragline can reach ranges from 5 to 107 feet with 
standard cable equipment. However, all draglines can be fitted with longer 
ropes if necessary for deev excavatione The probabdle average bench height 
for dragline top benching would not greatly exceed 50 feet, althoucth in snecific 
instances it might be double that distance or more. The devth to which power 
scrapers will overate ranges from 10 to 20 nercent of the maximum span and 
for slackline cableways from 20 to 25 vercent of the maximum svan (7). 


Haulage with Too Benching. - In top-benching a plateau or old river 
bank where the treatment plant is level with thse ton of the bench or at the 
base the haulage unit vroceeds over level track or downgrade, as in bank 
maninge The excavation equipment, however, must elevate the gravel from 
the foot to the top of the bench. In this type of de»nosit the treatment 
slant is sometimes higher than the excavating equipment, in which case the 
haulage unit must operate upgrade — the excention noted in foregcing pages. 
This arrangement is not common in actual practice. 


The dragline may be served by cars and locomotives, motor trucks, or 
field belt conveyors if the bench faces are straight. If they are curved, 
belts can be used only with difficulty. The power scraver and slackline 
cableway usually serve also as haulage units and need no sinilar service 
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equipment. If, however, the operation requires mobility in the head towers 
as well as tail towers additionel haulage units mist be introduced between 
scraper or slackline and plant. Cars, trucks, or belts can be used for this 


purnose, depending uron local conditions. 3 


In that method of multiple top denching in which a single dragline 
strips overburden and mines gravel concurrently the method of haulage varies. 
The overburden and gravel may be loaded into different cars in the same 
train, separate trains on the sazie traci, seoarate treins on cifferent 
tracks, or separate trucks. Overburden may be hauled by trucks and gravel 
by cars 2r vice versa, or the gravel may be delivered to hopvers feeding 
a field belt conveyor. The overburden may also be cast to the excavated 
area without requiring haulage equinment. 


Pit Devosits 


Pit deposits ere subdivided into dry and wet vits according to the 
presence cr absence of subsurface or ground water. Virtually all dry vits 
are mined bv methods sinilar to those used in bank mining. Methods used 
in wet pits differ materially from bank mining, althcugh similar equipment 
may be used. In nit mining, whether dry or wet, the material must be elevated, 
usually to a voint above its netural positions The vossible vresence of 
grouna watér and the necessity of elevating the material are the chief 
differences between pit and bank mining. 


Pit denosits are mined by bottom benching with power shovels (33), 
power scrapers (21), or hydreulic giants; by tceo benching vith cranes (51), 
power scravers (12), or slackline cableways (9); or by dredzing (28). The 
latter, however, may be similer to bottom benching, denending uvon the rela- 
tion between the elevation of the water surface and that of the top of the 
bench or ground surface. 


Dry Pits 


Bottom Benching. — In mining dry-nit devosits by the bottom-bench method 
the excavator in most common use is the power shovel. The hydraulic giant 
sometimes is used and, in rare instances, the newer scraver. As the material 
must be elevated from the »it and the scraper can do the elevating obviously 
there is little economy in using this tyve of excavator to drag gravel down 
the bench and then elevate it by other meanse Under certain conditions, how 
ever, this procedure may be justified (21). 


Whatever type of excevator is used »rovision must be made for dewatering 
the pit in case of flooding or heavy rains.. 


Pover Shovels. ~ Hither single cr multiple benches may be cut by the 
shovel, denending upon the thickness of tne denosit. With thin overburden 
over'a 50-foot denvosit stripping is often unnecessary (18, 27, 58). Thick 
overburden may be removed as a single bottom bench followed by a similar 
bench in the gravel —- a multiple bottom-bench method (22, 70). In the same 
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type of deposit the overburden may be removed by ton benching, although the 

bottom—bench method is retained for mining gravel (25). Thus, both top end 

bottom benching may be used in the multiple bench system. The same combina-~ 
tion may be used in thick denosits having more than one. bottom bench in the 

erevel. 


In the initial stage of oneninz a vit denvosit the shovel cuts a bottom 
bench with a concave face, but as the nit is enlarged the face may be 
straightened (16) or even curved to convex forme Straight faces often pre~ 
sent an advantage in folloving property lines, rhereas concave faces are an 
aid to one-ray circular or elliptical haulage. Convex faces have no partir- 
ular advantage in gravel mining, except where lecal conditions require 
their usee 


Hydraulic Giants. - Pit devosits can be mined by hydraulicking in the 
‘same manner as bank depositse Preliminary stripoving nay be done by bottom 
benching with shovel or hydraulic giant or by top benching with other equip= 
mente Material mined by hydreulicking mst be dewatered tefore being loaded 
into haulage units, or it must be sluiced to a sump and pumped out of the 
pite Hydraulic mining by ground-sluicing is not used for gravel deposits. 


Glory-Hole Mining. ~ The glory-hole method, so far as the author is 
aware, is not employed in gravel vits. The »vrincival objection to the use 
of this system is the heavy expense involved in sinking the necessary shaft 
‘and driving haulage tunnels under the devosit before mininge Oving to the 
ground water in most pit deposits it would be extremely excensive to keep 
haulage ovenings clear of water. | | 


Too Benchinz 


| The tov~benching system of mining dry vits with droglines, power 
scrapers, or slackline cableways is probably more common than bottom benching. 
It eliminates the necessity for constructing haulaze grades from the ground 
surface to the pit bottom and the movement of heavy machinery into the pit. 
It also permits operstions to continue even ~hen the deposits are flooded by 
heavy rains because excevating equioment suitable for this method can operate 
in a flooded pit whereas bottom benching would be vrevented until the flood 
woter was removed. _ 


In prevaration for ton benching dry pits may be strivped of overburden 
with the same equipment as is used for mining the gravel (U4, 55, 65) or 
sevarate equipment as locai requireients dictate. If the overburden is . 
relatively ‘thin separate stripping may be eliminated and the overburden re~ 
moved with the gravel in » single bench (12, 16, 53). If it is thick the 
stripping may be done by bottom benching with a power shovel followed by 
top benching with any of the three excavators mentioned. In mining gravel 
from dry pits multiple top benches are seldom used except where the over~ 
burden is removed in a senarate operation. 


Dragline. - Top benching with draglines is common and economical. The 
dragline can strip overburden from a small area and cast it beyond the toe 
of the :gravel bench in the excavated pit and then without changing position 
mine the gravel from the stripned area (55, 65). Thus, the dragline can take 
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advantages of detay caused by the absence of haulaze equioment to strip 
ahead of ‘mining without loss of time. It also can carry a higher bench 
than the shovel without danger from caving so long as it remains far 

enough from the edge of the bank. In mining excessively deen nits (77) 
with single high benches time is lost in individual bucket cycles owing to 
the length of the drag cable. SExtra-lonz cables usually reauire more than 
one wrav on the hoist drum and show corresnonding wear due to abrasion. 


If the overburden csnnot be conveniently cast to the excavated pit the 
dragline can dig and load it to haulsge units, as it does gravel, and still 
carry e multiple-bench system from a single position. ‘hore the overburden 
is thin the dragline cen remove both overburden and gravel as a single bench 
(53). Sometimes one dragline renoves thiok overburden and casts to the ex- 
cavated ».it, while a seccnd dragline mines the gravel in a second ton btenche 
Again, the stripoing may be carried as a top bench -by power scraver or slack~ 
line cobleway followed by the dragline mining a top bench in the gravel. 


When the overburden is strivved by e seoarnte, similar, or different 
machine strivoving may be carried on simultaneously with mininz but over 
different areas. Ths dragline is the only machine that can be used to strip 
and mine concurrently from the same set-un. This is en adventage peculiar to 
the dragline in top benchins. 


Power Scraperse.-— The pover screner is frequently used to strin and 
mine vit denosits (U4) but both onerntions cannot proceed concurrently, 

as with the dragline, without contamination of the gravel with overburden. 
Mechanically, however, such a vlan is possible but impracticable. The 

usuel procedure with nower—sernper onerstion is to set up the unit and strip 
a vredetermined area, either piling the overburden in a single waste dump 
or loading it to haulage units. From the same position the gravel is then 
dug from the stripped area. Thus, the actual operation is alternate strip— 
ping and mining from the same set-up, but all the overburden must be removed 
from a given area first and the gravel later, whereas the dragline can re- 
move either in small’ batches concurrently. 


The power screper can strip overburden and drag it to the pit from which 
gravel has been removed, but in so doing it contaminates the grrevel face, and 
some gravel is lost. The amount so lost, however, is negligivlé. 


By reversing the direction of haul the vower scraper may be used to 
strip gravel and dumo it around the tail tower and later dig and haul the 
underlying gravel to the head tower. By this method the bucket must be 
returned mechanically, and gravity return cannot be utilized. 


Power scranvers are not suitable for multiple benching, excevt as the 
term may be intervreted to mean strivping by a single bench and mining by 
another similar bench over the same area. 


In most installations the head tower of a power scraver used in pit 
mining is stationary, although the face cut in the bench is straight for 
each position of the tail tower the comnosite face produced by numerous cuts 
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is fan-shaved or concave. Convex faces are seldom necessary and of no partic- 
usar advantage. Where the head tower is moved with each fresh cut the bench 
is carried vith a straight face, but in this tyne of overation the scraver 
must be served by some form of auxiliary haulage unite 


Slackline-Cableway Excavators. — The slackline~cablevay excavator mines 
a dry-nit deposit by top benching in much the same way as the drag scraper 
(16, 36, 49), excent that the direction of haul cannot be reversed because 
the slackline depends unon gravity to return the empty bucket. 


The slackline has en advantage over the screver in that the bucket is 
raised above the surfece on the inhaul end can be used to strip one portion 
of the denosit and dump the overburden in an excavated area ¥Fithout con- 
taminating the gravel face. 


Bench faces are straight or fan-shaned, as when cut by a power scravere 


The slackline, by carrying the loaded bDicket high in the air, can often 
avoid obstructions in the line of travel that would have to be removed for 
nowerescraper overation. 


Dryv-Pit Haulage. ~ Tne tyne of haulage selected for a dry vit is a 
fundamental factor in determining whether the pit is to be mined by bottom or 
top benching. For exampls, if tov benching by dragline is selected the 
haulage route may be of minimum length — direct from the dragline to the 
treatment plant. Excavation by bottom benchinz with a power shovel from the 
same point in the bench mirht require a long, circuitous haulege route to 
~rovide the gredes that vould enable tre haulage unit to ascend from the 
bottom to the top of the nit end vossibly edditional surface haul eround the 
perimeter of the pite The cost of this excess haul can easily represent 
the difference between profit and loss in pit operation. 


With eoual length cf haul for both systems the type of haulage used will 
still be an important factor in the selection of the mining method. For 
exarnle, a power scraper or slackline cableway mey. excavate material from 
a certain noint in a pit and haul it direct to the plant on the surface over 
a distance equal to that required by a truck or locomotive serving a shovel 
at tne same point. The vower scraper excavates, hauls, end elevates with 
one movement, whereas the shovel excavates only and the truck or locomotive 
must haul and elevate. Thus, the scraper or slacxline requires no initial 
investment for service hanlage equipment or roadway grading, and maintenance 
and capital charges may be reduced considerably, with corresponding reduction 
in operating costs. 


On the other hand, the distance between excavation point and treatment 
vnlant may be too great for the single spn of a power scraner or slackline. 
The problem then resolves into balancing the efficiency of two scraper units, 
one used solely for haulage, against a shovel and locomotivesor trucks. 


Yarious other combinations of circumstances might be cited, but in all 
the selection of the haulage method has e direct bearinz on the mining system 
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Bottom Benching. ~ The common methods of haulege from bottom benching 
by power shovels utilize cars and locomotives (13, 27, 58) or motor trucks 
(34). Either method mey be vsed to teke material from the shovel and deliver 
it direct to the treatment nlant; also either msy be used in conjunction with 
other types of haulage. 


With direct haul by either nethod the track or roadway must be built 
on suitable grades to enable the unit to ascend from ths bottom to the top: 
of the pit. As the maximum grace for either type is fixed the length of 
haul will increase as the pit depth increases. The meximum grede for locomo- 
tives will be less than for trucks; hence, for the same pit depth the 
haulage distance for a locomotive will be greater. As pit denvth increases 
in proportion to tne area of excavation the space required for maximum haulage 
grades decreases until in some instances recourse to curved routes or switch— 
backs is necessary to obtain the requirec length. Obdviously added length 
of-haul increases the time cycle of the heulege unit and reduces its canacity; 
moreover, increase in devth adds to the pover exnerded in bringing material 
out of the vit. | 


In many pit operations the relation between derth anc area is such as 
to prohibit the use of long, circuitous haulage routes for either locomotives 
or trucks. The difficulty is frequently overcome by retnrining either unit 
to serve the shovel but restricting its oneration to the pit floor. Either 
delivers to the foot of an engine plane (22) or to en inclined field belt 
conveyor (52, 70). The engine nvlane may use the same cars as the locomotive, 
or it may use specially designed skips hoisted in balance. The selection of 
long, greded haulage routes or the more direct level route supnvlemented by 
inclined belt or plane should be made wholly on the basis of ‘locel condi- 
tions; no general recommendations can be made without assuming svecial con- 
ditions. | 

Haulage in dry pits in which the grovel is mined by hydraulicking is 
usually accomplished by the installation of a dredge pump over a sumo dug 
in the floor of the nite A hydraulic giant washes the gravel to the sump 
through ditches or sluices, and the pump picks up the water and gravel mix-— 
ture and delivers it to the nlant through an anoropriate piveline. 


Because of the nature of hydraulicking and the large volume of water 
used, the dredze vump and pipeline are the only logical mode of transporta-~ 
tion. The use of other tynes would involve some means of dewatering at the 
summ as well as pumping the excess water cut of the pit. This excess water 
cannot be safely pumped for reuse at the giant without careful settling or 
filtering to remove sand end gravel; otherwise the wear on the nozzle would 
be excessive. 


Top Benching. - The haulage vroblem from dry pits using the ton—-benching 
system is conparatively simmle. If a dragline is used it is served either by 


cars and locomotives (53, 55, 6o) or by motor trucks, and the haul is by the 
most direct route over a comvaratively level roadway to the plant. 
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The power scraper and slackline cableway are often built with their 
head towers integral with the treatment plant (35) and hence solve ths haulage 
problem at the start by delivering direct to the nlant. If the head tower is 
not a part of the vlant other haulage equipment may be used (12, Ul, 51). 
With movable head towers either locomotives and cars or trucks may be used 
to supplement the scraper. 


General Comment. = From the nreceding discussion of methods used in 
mining dry pits it is obvtous that the selection of method, excavator, and 
haulage unit is not simple. All three depend somewhat on each other. For 
examvle, a choice between bottom benching with vower shovels and top 
benching rith drasline must balance the economic effect of possible long 
curved and graded haulage routes in gaining elevation against the direct 
lift of the dragline. This is a matter of installation and maintenance cost 
and vower used. Theoretically, equal power is consumed as the same amount 
of material is lifted the same vertical height. Practically, however, the 
power consumotion by the dragline is probably less ~ certainly so if the 
haulage route is lenge because of the power consumed by friction losses in 
journals and between wheals: and tracks or the extra fuel consunption over 
longer routese 


Wet Pits 


All material lying below tne surface of the ground contains water. If 
the material is porous and the subsurface drainage good the water may be 
present merely as moisture, but if the material is immervious and the 
drainage poor the denvosit nay attain a saturated condition. Where subsure 
face drainace is adequate to carry off all ground water to some point below 
the lower limit of the sre-vel the devosit may be worked as a dry vit; where 
such drainage is insufficient the devcsit becomes a wet pit and must be 
worked as such unless artificial drainace can be sunplied, 


The mathod used in mining a wet vit devends largely upon the elevation 
of the water table, but the quantity flowing also should be considered. 
To clarify this point a discussion of the ohvsicel formation of pit deposits 
is necessary in order to visualize and understand the reasons for a changing 
water level. 


In an earlier paner (4) the author nointed out the necessity for ob 
serving the water level in test vits and also the rapidity with which they 
filled to that level after having been pumped dry. The subsurface flow can 
thus be gaged apvroximately. Both surface elevation and flow are imvortant, 
as will be shown later. 


Gravel denosits may thenselves be virtually imvoervious to the passage 
of water or they may be vorous and offer very little resistence to percola~ 
tion, decending upon the amount of clay or other impervious matter present 
to fill the voids between sand and gravel particles. All gravel devosits are 
surrounded by other materials of different nhysical properties. The enclasing 
strata may be imvervious, or vorous, or have open watercourses. Obviously, the 
rate of migration of ground water through both the gravel and the surrounding 
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strata will vary greatly in different deposits. Those containing clean, 
loose gravel with little fine sand end surrounded by strata of onen structure 
will hold little water and can be worked as dry pits. Those containing large 
quantities of clay.or fine sand and surrounded by impervious strata will 


.contein gravel saturated rith water. Pits or holes drilled in this tyne 


‘o 


of deposit will be full of water at all times. Between these two extremes 
lies a large group of combinations affecting both water level and subsurface 
flow. They are all wet pits, but their weter content will range from nearly 
dry to saturation and from a light flor to a very heavy one. 


. A more or less imervious gravel devosit may be filled with water during 
the soring season and because of its physical density give up that water 
with difficulty, hence the ground-water level drops slowly. 


A loose, clean depesit surrounded by an impervious stratum will fill 
in the spring, and the water level will drop only as the surrounding material 
permits drainsge.: . 


The material surrounding a devosit of gravel may be imoervious at lower 
elevations and norous above. Under these conditions a clean, loose gravel 
might drain freely near the surface, even during wet seasons, but would 
remain saturated below the level of the invervious stratum through a prow 
longed dry spell. 


The degree of vorosity of the gravel and the material surrounding it 
will determine the rate of subsurface flor. This cannot always be determined 
by shallow test pits in and around the deposit. For example, a deposit cone 
taining considerable clay and with its uopner vart surrounded by clay, as 
shewn by test pits, would indicate a condition favorable to a stable water 
level. However, oven vassages below or porous meterial surrounding the lower 
vart of the deposit ~ not venetreted by test drilling ~ might easily upset 
such conclusions. Plans for dredging such a deposit would be economically 
fatal because of eventual but BEon loss of water. 


Many other combinations night be mentioned, but these few illustrate 
the variety of conditions found in wet nits and the need of as exact knowl- 
edge as nossible before the mining method can be intelligently selected (80), 


Bottom Benching. = The bottom-bench system for wet nits is limited to 


strivving overburden (15) or removing that portion of the grevel]l lying above 


the permanent ground-water level (37). In either case the method is exactly 
the same and utilizes the same equipmant as in bottomebenching dry pits. In 
fact, it is dry-pit mining. A possible exception or modification will be 
discussed under dredging. oO 


Top Benching. ~- Wet nite are com7only mined by top benching. The methods 


-and equipment are the same as for dry~nit mining, except that an excavator 


crane equipved with clamshell or orange=veel bucket is frequently used. 


‘Ground water or the elevation of its surface in the pit makes little difference, 
as the dragline, power scraner, slackline cableway, or crane operates under 


water vith comparative facility. The rate of subsurface flow also has nea 


‘effect on top~benching methods with the tynes of equipment mentioned. 
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Overburden may be renoved by bottom- benching, as vreviouslv stated 
(16), or it can be stripned by a separate single top bench (9, 20, 23, 33, 
39) With wet-vit operation, however, there is less need for separate strip 
ping of even thick overburden (81) because it cen be caved into the water 
and washed fairly well as it is brought up with the ernevel (10, 23, 51). 
if necessary the dragline can strip and cast to the water in the excavated 
vit beyond the gravel bench (5°, 62). The nower scraver and elackline 


excavator can also strip and cast overburden to excavated areas. (See Dry 
Pits ~ Top Benching.) 


In those vits in which the water level is belov the ton of the gravel 
the uvver vortion may be mined by top benching, the material beinz taken 
both from below and above the water in a single bench (2, 57). 


In some devosits material lying above the water level mey differ 
vhysically from that below, or it may be desired to mine that above and keep 
it dry. ‘fultiole too benching is then the solution. The dragline removes 
the overburden first and casts it tc the excavated pit. It next mines a 
second bench cown to the weter level and finally a third bench from below 
the surface. The power scraner and slackline cableway also may be used 
for this purpose, but the area of each bench will be increased (69). The 
Crane can restrict the amount taken from esch bench to a single bucketload 


(13). 


On the other hand, in stratified denosits containing clay single-bench 
mining is often an advantage in wetting all materiel thoroughly and mixing 
that from different levels before it is sent to the plent (2). 


Benches may be straight or curved, convex or concave, as surface 
topography or local conditions warrant. 


Dredginz. ~ Dredging is primarily top benching, as the dredge removes ma- 
terial from below the surface of the water on which it floats. However, in 
a wet pit the water level is frequently some distance below the top of the 
bench; hence, the dredge actually excavates from the bottom, as does a shovel 
in bottom benching. For this reason dredgins hes been classed in the chart 
2s intermediate between bottom and ton benching. It annroximates bottom 
benching as the water level anvroaches the bottom of the gravel devnosit and 
resembles ton benching as the water level a»vvroaches the ton of the gravel. 


Wet nits may be mined by any tyne of dredge (8), although the hydraulic 
dredge (13, 14, 16, 28, 46) is vy fer the most common. Ladder (41) and clam 
shell dredges are frequently used in wet pits, but the dinver dredge is seldom 
used for this tyve of devosit. 


It is of utmost importance to know the rate of subsurface flor of ground 
weter before instslling a hydraulic dredge in a wet vite As the dredge 
ordinarily pumos a mixture containing en roximately 10 percent solids and 90 
vercent water by volume it will remove 9 cubic yards of water vith 1 cubic 
yard of sand and gravel from the pit. This excess volume of water must te 
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supovlied by subsurface flow through the gravel and surrounding strata. 
Failure to measure the flow before the dredge is installed may mean serious 
finencial loss. Instances h:ve been known where pumo dredges installed with 
out adequate water flow hed to be abandoned for other equipment. 


The rate of flow does not arfect the oneration of a clamshell, ladder 
or divper dredge excent durins seasonal changese . 


With either tyce of dredce the sethod, wrether classed as bottom or 
too benching, is carried as a sinzle benche Multivle benches are not used. 


Faces may be straiz-ht or curved, c nvex or concave, as local conditions 
indicate, but there is little edvantage in any one shape over anotiuer as far 
as economy of ov2raticn is concerned. 


Hydraulic giants are freouently mounted on dredges (16), and the stream 
is played on the bank tc cave it ahead of the dredge. This safety precaution 
is the same as that usec to cave e high bank ehead of a power shovele 


Wet-Pit Haulage. - Haulage eauipment for wet nits is the same as that 
for dry pits when bottom-bench methods are used (16, 37). If dry-land ex- 
cavators are used with the ton-bench method the haulsge methods and equipment 
are also similar to those for dry nits because only the excavator bucket en- 
ters the water, and it delivers its load to the peueeee unit cr plant on land 


(9, 15, 2k, 44, 65, 69). 


With dredging, however, tvo tynes of haulage are necessary. Hydraulic 
dredges frequently uss the dredginz pump to do doudle duty — to dredge and 
to deliver dredged material throuch pipelines to the plant on shore (13, lo, 
19, ell, 28, 46). In compacted material a dragline has been used to break up 
and excavate the gravel and deliver it to the suction of a dredge pump for 
delivery to the plant (72). If the distance or elevation is too great for 
the dredge pump to hendle the discharges, booster pumps often are inserted 
in the dischargs line (U7). A booster pump may be installed on a floating 
scow or placed at some point in the line ashore. In some recent installations 
the dredge pump is used to pump material through a floeting pipeline to a 
shore station where the gravel and sand are dewatered by screens or other 
means and then carried to the plant by field convevor belts (61). Trucks or 
cars can be used for the same vurnose after the pump discharge has been de- 
watered. For haulege from distant points in large pits towboats and barges 
(14) are sometimes used, although less freauently in wet pits than in marine 
devosits The barges are seldom of the self-unloading tyne but denend upon 
shore Sauce to transfer their cargo to further convevance or vlant on 
shoree Shore equiovmeht for this purvose is usually a clamshell crane mounted 
on & permanent or crewler base. A few self—unloading barges are eauipved with 
conveyor belts which receive tneir load from the bottoms of cargo hooners and 
discharge to other conveyors on the dock (14), 


The heulage equipient used to serve ladder dredges is always some tyne of 
towboat and barge (41). Although frequently used.for placer mining in wet vits 
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and for marine gravel devosits the ledcer dredge is not often e-oloyed for 
gsrevel vroduction from this tyne of denosite 


General Comments. - Inclusion of the dredge as an excavating machine 
enlarges the field from which a choice of methods may be made for wet-pit 
mining. H-sulage is also augmented by the adcition of the floating barge. 
On the other hand, the bottom-bench method is restricted to strinving or 
removins material from above water level, except as dredging pits with high 
banks may be so classed. Top benching in single benches from land or by 


flonting equipment is the method commonly used. 


The depth of water in the nit and the elevation of its surface witn 
resnect to the ton of the bench have little effect on the efficiency of dry- 
land excavators mininz wet vits. Dredzges require enough water in the nit 
to float them, and hydreulic dredges require a large enough subsurface flow 
to replace the water removed in dredginge 


Material mined from wet vits is saturated vith water and may require 
changes in details of construction of haulage eauipment other than would-be 
necessary with dry material. 


Sand and gravel fron vet vits, esvecially if drecged by hydraulic 
dredges, are vartly vashed during the »rocess of excavation. This rethod 
enables tne overator to avoid the exvense of strivoing by nixing the over- 
burden vith the gravel, and it reduces the wash-water requirenents at the 
treatment plant. 


Either ton-benching or dredging a wet vit tends to mix the material 
from all parts of the bench thoroughly and thus vrovides a more uniform 
product as feed to the treatment plant. 


Marine Devosits : 
Marine devosits have similar characteristics, irresnective of the body 
of weter under which they lie, but for convenience, they are subdivided 
into river, leke, and ocenn devositse By definition, river dencsits include 
the bed, bars, and small islands between the natural banks of the river, 
Laxe and ocean denosits might be similarly defined but are usurlly restricted 
to beds and barse 


Subagueous mining is the most common metnod of covering grevel from 
marine denosits. There are some excentions in river beds, as will be noted. 


Excavation equipment for this method of mining is restricted to some 
tyoe of dredze, but its design may differ materially from a similar tyne 
used in wet vits (56). For illustration, dredges used in marine denosits 
must be designed to withstend floods or vave action during storms and to 
operate in stream or tidel currents and under changing depth conditions due 
to the rise and fall of tides. For ocean denosits they must be designed to 
resist the corrosive action of salt water. 
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Heulege equipment must, in general, be seavorthy, and the selforonelled 
barge is used extensively. 


Thererore while methods and equinvment used in marine de»osits are similar 
to those used in wet pits they nay iffer materially in detail. 


Where currents are troublesome, dikes sometives are built between islands 
or between an island and the river bank, behind which dreuges nay mine the 
river bed. under conditions simulating those of vet pits (31). Similarly, 

a lake or ocean dredge may abandon the subsaoueous bed and cut its way from 
onen water through the beach into a shore extension of tne bed (1). 


River Beds 


River beds and small islends m-ry be mined by top benching with voower 
scrapers (71) or slackline cablerays (7%) located on the river bank, by 
dredges floating on the stream (11, 65), or by beth (74). Dredges used in 
riverwork are often called unon to mine beds at widely scattered points. Be- 
ceuse of the necessity for this extended mining range there is greater vref- 
6rence for towboats (25) end barges as the transvortation medium. In addi-~ 
tion, many dredges used for riverwork ere designed to include washing and 
screening equipment and thereby evoid heuling waste products over long dis-~ 
tances. Preference is thus ziven to barge haul. 


Ton Benching. -~— Although dredging in a river bed is technically tov 
benching the removal of an island deposit by dredging mizht be classed as 
bottom benching. Therefore to avoid confusion the term "ton benching" used 
in connection with marine denosits will be limited to excavation by power 
scrapers or slackline cableweys operated from tie river bank. 


Too benching by these two units may be further subdivided, devending 
upon whether the excavator is vermanently located on the bank (10) or is free 
to move. Stationary eauipment usually is built with the head tower integral 
with the washing plant; movement is therefore difficult. Occasionally the 
head tower and plant. are designed as vortable equipment. Permanent plants 
are limited in operating life to ths time required to exhaust the bed or bar 
within reach of the scraper or slackline. In some rivers during times of 
flood the area excavated is refilled by new gravel brouzht down by the river 
itself (10, 71). Permanent plants so situated are fortunate in that no new 
devosits need be sought md moving exnense is eliminated. In other instances 
when the permanent plant has exhausted material within reach, the scraper may 
be left intact and a dredze installed to dig distant bars and deliver by 
barge to the scraper (74). The dredge takes the place of river floods in 
supplying the screner with new gravel. 


Movable plants may be oort>bdle as regards the scraner or slecitline only, 
or the whole washing plant may be porteble. In the latter case the whole 
plant is moved to a ner location when a bar is exhausted, and the only addi- 
tional change reouired is an extension of highway or shivping track. If the 
excavator only is vortable the screper or slackline is moved to a new location 
“hen the bar is exhausted, Dit auxiliary haulsege units must be installed to 
serve the excavator and deliver to the plant (71, 73). 
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Draglines have not been mentioned in connection with river—bed excava-—- 
tion because of their limited reach from the river bank. They may, however, 
be used to mine an island devosit and load barges moored to the bank. To 
warrant such equipment the island would heve to be large; the overation 
wrould then anoroach vet-vit mining. 


Too benching by scraners or slackline is common practice in mining 
river devosits. The hesd tover is set on one bank and the tail tower either 
on the opposite bank or at some noint in the stream — on an island or ex- 
posed bar, directly in the river bed, or on a floating scow anchored at will. 
The method of overation is the same as for wet vits. If the stream is navi- 
gable the use of high towers on a slacikline may avoid interference with navi- 
gation, wnereas a scraner would be ccnfined to an area outside the river 
channel. 


The stationary plant, whetner scraner or slackline, cuts a fan-shaved 
too bench with concave face. The movable vlent, however, may carry a 
straight face upstream or dovnstream as desired, or it may excavate a series 
of fan-shaned benches. 


Dredging. — Customarily, river bars are dredged selectively. Because of 
the sorting action of running water river bars contain materials of different 
gredation. Thus, one bar may contain a relatively hish vercentage of gravel 
and another ea high vrovortion of sand. Hence, the dredge is frequently al- 
ternated between several bars, according to the tyne of neterial needed for 
market. The dredge therefore is set over a bar and digs without regard to 
continuation from a previous excavation or any systematically laid-out 
scheme of excavation. If the bar is extensive and the material uniform the 
dredge may onerate systemnaticnrlly by cutting straight or curved slices con- 
secutively from one side, like a power shovel in dry~pit mining. To main-~ 
tain this tyne of systematic dredging, points must be set on shore or by 
anchored buoys, vreferebly along the line the dredge is to move. The dredge 
operator uses these sisht lines to guide him for each advance of the dredge. 
If the denosit is an exvnosed bar, the bench face of which can be seen, such 
sighting »noints are, of course, not required. 


Types of Dredges. - The hydraulic dredge is probably the most vopular 
for river devosits. Where large tonnages are required from extensive bars 
the ladder dredge (U9) rivals the hydraulic cr pump dredze. In fact, the 
ladder dredge finds its greatest field of use in this tyne of gravel devosit. 
Grapple or clamshell dredges (40, 74) are used principally in excessively 
deep water or where boulders or logs veuld make the use of hydreulic or lad 
der dredges difficult. Dipper dredges h:ve been used for grevel mining only 
in a few instances and were selected because of the large number of boulders 
in the denosit (42). 


The four tynes of dredz*s and their charecteristics have be2n described 
in part 3 (8) of this series of vavers end will not be discussed here, except 


to say that hydreulic end graonle dredges are better suited for selective 
mining and ladder and dinner dredges for systenatic mining. 
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River~Bed Haulage. ~ When power scravers or slackline cableways are 
used to top~-bench river devosits the excavator itself acts as the haulage 
unit unless it is vortable and requires the service of othcr eauipment to 
complete delivery to the washing vlant (71, 73). This euxiliary equioment 
may consist of cars, trucks, or conveyor belts, vhich usually onerate over 
fairly level surface. 


Where vernanent plants have exhausted material within reach and actual 
excavation has been delegated to sunvlementarv dredges, transvortation 
usuelly is by towooat and barge, but it may be by pump and pipeline if the 
dredge is hydreulic. i: Many of the barges used are self—dumving (Jl); 
they are loaded at the dredge, towed to the site of the power scraver or 
slackline, and dumped to the river bed from which the bucket transfers the 
erevel to the shore plant. If the dredge is hydraulic and the distance not 
too great it may pump grevel direct to a noint within reach of the screver. 


Ordinarily the distances are too great for the.dredge pump to act as a 
transport unit also. However, in ovening a new bar a hvdraulic dredge may 
deliver direct to the shore vlant, 2s did the power scrapers cited. If the 
bar is extensive and the resistance grows too gsrerst for tne dredge pump to 
both transvort and elevate to the shore plant a second dredge may be in- 
stalled at the shore near the nleant. The original dredge, relieved of ele- 
vating the gravel, can »umo direct to the second dredge, which thus acts as 
a booster, or to weter stornge within reach of the second dredge. The see- 
ond dredge then acts in the sone cavecity as the stationary scraper pre- 
viously discussed. 


Strictly speeking, a screner or dredge used in the lntter manner should 
be classed as a vart of the treatment olant rather than a suvplementarv haul- 
age unit, because its function is vrimarily to suonly the plant rather than 
serve the excavator. If the first dredge pumps direct to the second and the 
latter acts merely as a booster it is, of course, part of the transportation 
systeme 


Various other types of transportetion may be combined (73). For example, 
at one plant a hydraulic dredge excavates and delivers gravel to a sump from 
which it is elevated by a clamshell crane to a washing plant, trensferred 
from there by belt conveyor to an aerial tram, and carried by. the tram to the 
shore plant (31). Such combinations, however, are unusual and are used only 
when local factors require theme 


As stated, hydraulic dredges acmetimes pump fronm-river deposits direct 
to the shore plant, but customarily they are served by barges (56, 65). 


Ladder, granvle, and divner dredges require barges as haulage equivoment. 
In some instences the barges are self-propelled and fitted with self-unload- 
ing eauipment. 


Both dredges and heulege units used in mining river devosits frequently 
are required to overate in very shallow water (65). For this ourpose pump 
dredges have been designed to work in vlaces where the maximum draft was 2 feet 
or even less. Barges, horever, seldom are used in less than 4 feet of water. 
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The mining of leke gravel beds is restricted to the use of hydraulic, 
grapole, or divper dredges, nemed in the order of popularity. Dipver dredges 
ere wrobably used more frequently for dredzinz shin channels through shallow 
laxes but seldom for gravel mining. 


As in river beds, either dredge may mine selectively or systematically; 
in the latter method faces mey be streisht or curved as desired, with little 
advantage either way. | | 


Ordinarily ladder dredges are not seavorthy enough for leke operation, 
although they may be so used under’ sheltered ccnuaitionse 


Hydraulic dredges designed for lake oneration are seldom built solely 
for excavation purposes (50). In this tyoe of vork they are often fitted 
vith washing and screening equioment so that they may at least nertly prepare 
the sand and gravel for market (3C). In frct, some such dredges hrve been 
designed to function nat only as excavators and complete washing and screening 
vlente but also as haulege units (45); they are mobile trestment nlants capa- 
-ble of vroceeding to the devosit, pumving a load to their cargo honvers, and 
crenaring the saaterial for market while returning to port. 


Gravole or clamshell dredges as-:well as-diovxer dredtes are used in lakes, 
crincipally for channsl and harbor excavation rather tnan gravel mining. 


Lake Haulage. —- Unless a hydraulic drecge is nining a denosit within 
Oumping distance of the shore plant or is itself the hnulsrge unit all lake 
transvortation from denosit to shore-is done -by tugs and berges. The flat- 
oottomed, stern— or side-wheel—propelled towboat, such as is used in river 
transportation, is unsuited for lake -transnvortation. Round-bottomed, screw~ 
vrovelled tizgs are the con:on form of notive power. Barges may be the hopper, 
semihoonir, or flusn-deck tyne; the flusn-deck type, however, is less common 
because it is less seaworthy. Semihoovner or full—-hovver barges are the usual 
equinment and are emnloyed with all ty»vcs of dredges excent the self~provelled 
nlant type. 


A self-voropelled, self-unloading type of vessel has been desizned for 
long lake hauls; this is essentially a lake cergo steamer fitted with self- 
unloading machinery. This tyne of vessel, however, is used vrinarily in 
interplant rather than intranlent haulaze and is not included under lake 
haulsge, as discussed in this vaner. 


Ocean Denosits 
Gravel devosits in salt weter are mined only in sheltered bays, channels, 
or harbors (1). The discussion of lake onerations envlies equally to salt- 
water denosits, excent that for the latter the equipment must be designed to 


recist selt water enc units should be even more sesrorthy than for lake use. 
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Ladder dredges sre used for gravel mining only under very sheltered 
conditions, hydraulic dredses are common, granole and dipper dredges are 
used mostly for channel end harbor ercavation, tugs rre seagoing, and barges 
usually ara the round-bottom, full-hovver tyne. 


Eav.iipnent Costs 


It is not the function of a Govermment bureau to auote sel! inz prices 
for mining equipment. Frecuently, horvevear, an onerstor desires to know - 
aporoximate costs from rhich he may estinate the vorobsble relative exnense 
involved in apnlying different aetnods of mining or types of equinoment. For 
such purposes a rough indicetor is useful; to suvply such an indicator the 
following tebles have-.been compiled from data receivea fron manufacturers un 
to July 1935. The indicators re»nresent new equinment in sll cases, as it 
obviously vould be impossible to t>bulate indicators for used equipment. 


Power shovels 
_ Gasoline or sinzle » electric motor drive _ 


Price ver pound 1 vorking weight . Extra 1 ver unit 


een t ee ee 


| 
Diroer size, | Weight PAI Gig |e eee woe 4 for Diesel nower 
cubic yards _ tons | Renge =| Average | (average) 
3 - | 
| | 
3/8 | § — 10 | - 20 - $0.28 | $0.25 : $850 
3/8 ; 2-14 2l=- 627 | 9 230 B05 
1/2 | 16 - 013 - 20 | e165 | 955 
3/4 i7 & | 20- 626 | . 2225 | 1,030 
3/4 22 - : 016 —- 2.22 | 0180 - 1,009 
1 27 - | eth 622 | 1TH ' 1,500 
2 , i Ose * sien el | «200 |. 3,520 
aa Power shovels, dai ok Niaiita iiiaia aimee ae” 
jy | Wore 4) ois O15 | 0.175 | ne 
! 
a eee ae ae a eA ey I Ts ee eta COR ae ee Sy EE Se 
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Draglines 


ae ee _ Gasoline or single electric motor drive 


| | Price per pound worling weight 14 | Extra per unit for = 
Buciet size, Weight range, |——- sapcrbncnsecageaicai ated eheaeal Diesel power; Bucket 


cubic yards tons Ss | Range puss Average | (average) | (average) 
| | ! . 
3/8 | 7%+10 | $0.20 - $0.09 ' $0,245 | $850 | $060 
3/8 ©. *§ 10-13 | col - | 0215 2 895 | 260 
1/2 | 12-165 S20 485 | 210 $25 | 350 
7, a : 15+ 19 | el9~ 26 2220 | 1,630 | 420 
3/4 ; 2- “i | slb'=- 621 °1380 : 1,000 | 525 
1 | 26 = | lh .20 »180 1,500 622 
Liye oo U7 |  el6—= 420 , 0175 | 1,560 | 790 
2 i - 65 L- <pl Te 923 190 ; 3,520 925 
SL Ae one Raeeen: Seen: 
a Diesel or multiple electric motor drive 
| 45-80 | O16 - 0.24 i 0.200 =| (2) ' 1,020 
: ~ 5 | re ~150 sh 220 177 | ns | (2) 
ee ee eee ee ee Se ee ee. eee eee 
1 Diesel at : 2 Bucket included in pound price. 


- Excavator cranes 
Gasoline ¢ or. single electric motor drive _ 


| | Price ver pound working woiehe _ Extra ver unit 
Clam size, Weight range, . ——-——_—_________. sbi nines LO DLOSOL- power, 


cubic yards | tons __—|_~Range si“ | Average | average 
{ . | | 
3/8 T= 9 | $0419 ~ $0.29 | $0,240 | $850 
3/8 e's Benes by | s2@l—= elk eel5 895 
1/2 | 12-15 | gO me «= OR 2210 825 
1/2 f Be : Hie: gige- 4 “160 | 955 
3/4, | 15-18 ; el9Q- 222 | 206, 1,030 
3/4 | 20- a Lf lhe 92t | 0176 | 1,000 
1 LB | 13 - 220 | ae 4 1,500 
1 1/2 | 360% | jes 216 7 172 1,360 
i Yo - o5 | oy ! 190 | 3,520 


poe 


1 Diesel only. 
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Size of buck cot, |__ 
_ cubic yards _ 


Approximate cost_of vover-scraver eouinnent 


___ Span, fect. 


Gastomary |! taximune' 7 


ee ee ee eee 


| Te | of | ‘over drive. 
Belt ‘Electric 


Gasoline Oil or Diesel 
be ge 


' 
J 


ee wm eee ene ee cme re = we ee eee 


ee ee me ee eee 


Sales 
: 7 , 
1/3 | 290 Z00 $1,000 | 1,400 $1,450 | --- 
1/2 | 200 Mata) | 1,250; 1,750 Pg q00 --- 
3/4 300 500 «| «1,700 | “2,450 | 2,580 : $3,400 
1 : 300 500 ~=—s«|-:«1, 350 | 2,800 ; 2,950. 4,250 
11/2 1 oo B05 2, UFO 5+550 | L,OCO 7 5,200 
2 | 4oo 002 | 3,400 | 4,796 , 5 YOO: | 6,190 
a2 | 300 690 | 5,300 : 8,000 | 8,750 ; 3,800 
: 00 So” | 5,700 ; 9,100 ; 9,850 j; 10,600 
100 509 =| 7,250 | 11,000 | | 
Ae ! | ; 


er meme ee ee eee 


oi tet ial Sa eth eet en es oa 
Cost includes bucket, hoist, ‘epbles, aad fittings, FeOebe factorye 
Cost slightly. iuerenced for lorger s»an. 


[NO te 


Approximate cost of slackline-cebleway eauinmentL 


ee ee = ee 


ee So re ee ene a ne ee ee | ee 


Span, feet | __ “me of vower drive _ 
Gasoline Oil or Diesel 


daataess ier mi Belt eee 


Size of bucket, 
cubic yards 


J 

$ 
| $ 
t 


1/3, | 300 | 4.00 | $2, 350 | $2,900 $3,000 : $3,600 
1/2 | 300 woo | 2,750 | 3,350 3,450 | ooo 
3/4 | 4oo 500 750 | 4,750 higso | 6,150 
1 | 500 600 | 1250 | 5,450 5900 , 6,950 
1 1/2 500 700 ~=—' ||.-—«& 100 re 8,4u50 | 10,256 
23 700 | aes | 13,900 6,750 | 17,000 | aoe 
2 1/att 800 --- | 16,500 a8 5250 : = | --— 
ears eer are Coenen iagith Glen ene senate are 
l Cost rpelades bucket, hoist, cx.bles, anc. “fittings, FeOede factorye 
2 Cost slightly ine dense for longer svane 
p) Cost includes 90—foot steel mast. 
4+ Cost includes 100-foot steel mast. 


Hydraulic gients+ 


| i Diameter of water 7 ‘Giants, | 7 Deflactors, 
a Ug a tl ve a te eet: 

Le 7 | $155 = $120 , $09 
2 | 9 | 210 — 225 | 32 
c 11 | 220  gcO ! 37 
11 | 330 = 365 | Lo 
5 13 | usd - Yes ! 56 
6 15 580 -— 62 ! 02 
7 15 N85 = 725 | 67 
g 18 305 - 850 G7 
9 18 | 865 ~ 925 71 


aa Goan Ke De, and Johns son, now He, Placer Mining ug -in the Western United | States. 
II. Hydraulicking, Treatment of Placer Concentrates, and Marketing of Gold: 
Inf. Circe 6787, Buresi of Mines, 1934, vp. 21. 

Subject to diecount. 
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Spiral-riveted pipet 


a mee ee ee ee ee ee ee ae eee = ee ee 


Diameter, | Weight, pounds ° Bursting pressure, ) Cost 
_inches __|__ver foot ee ae 
| 
: | 
8 | (sl 866 | 635 145170 | $0.53 - $0.62 
10 | 8.8 ~ 10.9 | 750 = 935 066 —- e777 
12 | = «10.5 = 18.0 . 625 - 1,080 | 19: 1s22 
14 | «15.8 = 22.0 | 670 - oho / 1.07 = 1.48 
18 } 19.8 = pied ! 20 - “glio 1.uUl- 2.26 
20 22.0 - 45.8 | 70 = 1,030 66 3.02 
ou | 3642 ~ 64.0 | 54u0 - 1,015 ae 
28 | 51.2 - 75.9 | 605 - 870 : 3638 — 5.01 
30 ! 55.3 - 7907 | 560 - 810 | 3e7l - 5.26 
32 | 61.0 - 86.2 | 25 - = =7AD ' U.03 - 5.69 
34 | 67 = 9208 ! 30 - 715 | 4.og - 6.12 
5 | 6805 - 25.2 | 4u70 - 680 | U.52 - 6.39 
_t 


LA 
O 
e 


1 Gardner, B+ De, and Jonson, Ce ny Placer Mining in the Western United States. 
Il. Hydraulicxing, Treatment of Placer Concentrates, and :‘arketing of Gold: 
Inf. Cire. 5787, Bureau of Mines, 193U, p. 17. 


Locomotives 
(Cost in dolla rs per ton of ‘weight) 
weight range y| | I Electric 
__ tons ! Stean | Gasoline | Diesel _ —P “Trolley _ —( Battery 
fs BO: 1 260" 50!) 350 = G00: | 135 = 700 | 
- 20 | 


| : : 550 - 900 


Remote~control electric haulage 


—_—+-— - 


50C - 1,200 


‘ 
-+- 


Cost ranges from $175 to $225 ner ton-mile-hour cavacity, exclusive of 
roadbed, rails, ties, etc. 
Engine plane hoist 


Up to 50 hn. costs average $7C ner horsenowere 
50 to 200 hp. costs average $55 ner horsepover. 


Industrial cars 
vood construction ranges from $70 to $90 per cubic yard. 


Steel construction ranges from 10 to 20 vercent higher. 
For automatic couplers, air brake, etc., add $50 to $209 for each car. 
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Motor tricks 
_ Canacity, tons_ es =" 3 iles rer. ee Sneed, miles - as CORE 
Rated | Load | gallon 0.) per hour j_. Bron 
a! : | 
: a Le 15 . : 25 | $2800 
11/2 21/4 | nee : 22 | 1,350 
2 3 | 7 3 20 1,050 
21/2 | 5 1/4 6lf2- | 18 | 2,070 
#2 | 1/2 | Or. eas | 15 i} = 24250 
5 1/2 I. 5 afl | 5 1/2 | 15 | 3,225 
“3 | 6 | P | 12 4, O0C 
5 : 7 1/2 i - } 10 6,900 
Dredge puns 
| ~~ Power, Woe FOr i 
. -each 1d. feet of. : 
| Head, i ‘head at 12 feet, Head, | 
Size "25-100: Sneed jner second '100-150: Svezd, 
| feet | reoem. ‘velocity and « feet | renem. 
| ‘16 mercent | 
a ey oe ee ee ee hoi ee 
— 
a= See eens $740 .U50-3007 . 5.05 $950 hasta 
neo (Manganese | 50 - ! 1,125 | | 
| 
ce ,,(Senimanganese/ 1,125 390-722 | 9.25 1,355 / 600-720 
(Manganese £1,360 | 1,735 | 
: | | 
__. (Seminanganese} 1,500 350-600 | 11.3 2,020 ' 514-500 
10-inch (y, m ! lg | 
langanese 44960 , : 2 4540 : 
| : : : 
__, (Serimanganese }2,200 (390-514 | 2905 2,520 '4sc-514 
le~inch (), 12620 ; : go | 
anes ee) 9 
anganese ie : 2 Be 1 | 
| | : od i 
15-incn$ Semi manganese . j1e 0 24O-N5O | 3046 99900 360-454 
(Manganese chet Ps | Pe 4,760 
D2 - 22 


Google 


1 ey Oe 


Power, hv, for 


oe 


each 10 feet of 
head at le feet 


-per second 


velocity and 


‘LO percent 
solids _ 


Ded 
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Aerial-tram installations 


me a ee eee ee 


Rated hourly “I Cost ver mile exclusive of 
capacity, | _ «sit terminal bins = | eee: 
ee) ome eS eee +——--- --Hlenocebie_ ae 
5 | $16,000 - $21,000 | 

10 14,000 22,000 | $14,000 - $19,000 
15 | 11,000 22,000 : 11,000 - 19,000 
20 | 17,000 - 19,000 ! 17,000 - 19,000 
25 | 28,000 35 ,00C | 57,000 (short) 
30 | 35 ,000 43 000 ! | 
50 | 37,000 4g ,000 | 
65 | 34,000 58,000 | 34,000 (long) 
85 | 54,000 - 68,000 7 


1 Aerial—tram installation costs differ for each location. Those tabulated are 
actual examples illustrating possible range. 


Wire rove 


Improved plow-steel manufacturers! list less 25 to 30 percent. 
Plow-steel manufacturers! list less 40 to 45 percent. 
Cast-steel manufacturers! list less 25 to 30 percent. 
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